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(54) SURFACE ACOUSTIC WAVE DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrode 
structure of a ladder type SAW filter which is capable 
coping with a balanced input/output type (a balance 
type), without having the characteristics changed and is 
superior in power resistance. 
SOLUTION: This device is an acoustic surface wave 
device S f which is so constituted that two ladder type 
circuits connecting plural acoustic surface wave 
resonators in serial and parallel are disposed on a 
piezoelectric substrate, a parallel resonator 4b 
connected to a parallel arm of each of the ladder type 
circuits are connected to a ground 3, so that the output 
difference between two ladder type circuits is taken out. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[An easy explanation of a drawing] 

[ Drawing 1 ] It is the circuit-arrangement view of the conventional ladder type surface-acoustic-wave VCF. 
[ Drawing 2 ] It is the circuit-arrangement view of the ladder type surface-acoustic -wave VCF of balanced I/O 
correspondence of this invention. . _ 

[ Drawing 3 ] It is the frequency characteristic view of the surface-acoustic-wave VCF concerning this invention. 
[ Drawing 4 ] It is the frequency characteristic view of the surface-acoustic- wave VCF of a configuration conventionally. 
[ Drawing 5 ] (a) - (d) is drawing which explains the authentication result of a balance operation of the balanced I/O 
correspondence ladder type surface-acoustic-wave VCF of this invention, respectively. 

[ Drawing 6 ] It is drawing showing the configuration for inserting a balun element before and after the conventional 
unbalance I/O ladder type surface-acoustic- wave VCF, and acquiring balanced I/O. 

[ Drawing 7 ] It is drawing showing the relation between VS WR of the ladder type VCF of this invention, and a resonator 
capacity factor. 

[ Drawing 8 ] It is drawing showing the relation between the maximum insertion loss in a band of the ladder type VCF of this 

invention, and a resonator capacity factor. 

[An explanation of a sign] 

1 : Input terminal 

2: Output terminal 

3: Grand terminal 

4a: Series resonance child 

4b: Parallel resonance child 

5, 6:input terminal (balanced type) 

7, 8:output terrninal (balanced type) 

9: Balun element 

10: The conventional ladder type SAW filter 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[The technical field to which invention belongs] this invention relates to the balanced input-balanced-output type 
. surface-acoustic-wave equipment which ****ed two or more surface-acoustic-wave resonators to the ladder (ladder) type 
especially about surface- acoustic -wave equipments, such as a surface-acoustic- wave VCF used for mobile communication 
equipments, such as a cellular phone, etc. 
[0002] 

[A Prior art and its trouble] As for the SAW filter for mobile communications, it is desirable that it is low loss because of a 
miniaturization of a cellular-phone terminal, and power-saving- izing. Moreover, a suppression band is out of a passband, 
respectively, the SAW filter used as the object for a reception and an object for sending is strongly required to.be the high 
magnitude of attenuation over the large domain **** [ near the passband edge ], and the magnitude of attenuation only with a 
specific, quite large frequency band may be locally required for it by the specification of mobile communication system 
[0003] Moreover, conventionally, since a general SAW filter was an unbalanced input-unbalanced-output type, it had taken 
the circuit arrangement which inserted unbalance-balanced converters, such as a balun circuit, between the SAW filter latter 
part and the electronic circuitry. On the other hand, when the electronic circuitry of the SAW filter preceding paragraph etc. 
had become the balanced-output type, it was considering as the circuit arrangement which inserted balanced - unbalance 
converter between the electronic circuitry of the preceding paragraph, and the SAW filter. 

[0004] In recent years, in order to remove an unbalance-balanced converter or balanced - unbalance converter from the 
aforementioned circuit arrangement, utilization of the so-called unbalance-balanced-output type SAW filter which gave the 
function of balanced - unbalance converter or an unbalance-balanced converter to the SAW filter itself, or a balanced - 
unbalanced-output type SAW filter (henceforth a balanced type or a balanced type SAW filter) is advanced. 
[0005] Conventionally, when the electrode configuration of an SAW filter is divided roughly, there are four spread type, 
resonator type, ladder type (ladder type), and lattice type (skeleton pattern) kinds. These are design methods which have the 
characteristic feature in each, and have merits and demerits in respect of a performance. However, the degree of freedom of a 
design is high also of this, and it is a ladder type design that there is especially usefulness. 

[0006] A conventional ladder type circuit-arrangement view is shown in drawing 1 . SAW filter J has connected two or more 
surface-acoustic-wave resonators to a serial parallel on a piezo-electric substrate here, series resonance child 4a is connected 
at the in-series crossarm, parallel resonance child 4b is connected to a parallel crossarm, and the parallel resonance child 4 is 
grounded in the gland 3. 

[0007] The characteristic feature of this VCF is in the point of being easy to realize a steep shoulder property, as compared 
with other structures. However, a ladder type fault cannot correspond to only balance I/O in the four above-mentioned sorts 
(since it is an unbalanced input-unbalanced-output type, balanced I/O is unrealizable). Usually, in order to carry out a balance 
operation (balanced I/O) as shown in drawing 6 when incorporating during a portable telephone set, it was used by having 
inserted the balun element 9 after SAW filter 10 (before). For this reason, there was a problem that parts mark increased. In 
addition, since the purpose of a balance operation is not directly in contact with a gland, it is because there is a merit that the 
noise component via a gland seldom rides. 

[0008] Moreover, curtailment of use parts serves as pressing need for small [ of a cellular-phone terminal ], lightweight-izing, 
and low-cost-izing, and, for the reason, addition of a new function has been required of an SAW filter. It is RF (Radio 
Frequency:Radio Frequency) to one of them A card row and IF (Intermediate Frequency : intermediate frequency) There is 
demand of enabling it to constitute with an unbalanced input-balanced-output type, a balanced input-unbalanced-output type, 
or a balanced input-balanced-output type, to the VCF used for a number of stages etc. 

[0009] Then, this invention aims at offering the electrode configuration of the ladder type SAW filter which could correspond 
to the balanced I/O type (balanced type), and was excellent in power-proof nature, without changing a property. Thereby, a 
balun element can be cut down and small, lightweight, and low-cost-ization of a portable telephone can plan. 
[0010] 

[The means for solving a technical problem] The surface-acoustic-wave equipment of this invention connected to the gland 
the parallel resonance child connected to the parallel crossarm of each ladder type circuit, and in order to attain the 
above-mentioned purpose, it was accomplished so that the output difference of the two aforementioned ladder type circuits 
might be taken out while two ladder type circuits which connected two or more surface-acoustic-wave resonators to the serial 
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parallel were ****ed on the piezo-electric substrate. 

[001 1] Moreover, it is characterized by ****ing the series resonance child especially connected to the in-series crossarm of a 
ladder type circuit, and the parallel resonance child connected to the parallel crossarm so that the following formula may be 
satisfied. 

[0012] Cp/Cs < 1.55 (however, total of Cp:parallel resonance child's capacity, total of Cs:series resonance child's capacity) 
[0013] 

[Gestalt of implementation of invention] The enforcement gestalt of this invention is explained in detail below based on a 
drawing. 

[0014] As shown in drawing 2 , on the piezo-electric substrate which consists of a non-illustrated lithium niobate single 
crystal, a lithium-tantalate single crystal, a tetraboric-acid lithium single crystal, a langasite type single crystal, etc., 
surface-acoustic-wave equipment S of this invention ****s two ladder type circuits which connected two or more 
surface-acoustic-wave resonators to the serial parallel, and changes. And parallel resonance child 4a connected to the parallel 
crossarm of each ladder type circuit is connected to the grand terminal 3, and it accomplishes so that the output difference of 
two ladder type circuits may be taken out. Furthermore, the proportion of Cp (total of the capacity of parallel resonance child 
4a) and Cs (total of the capacity of series resonance child 4b), i.e., Cp/Cs, is made less than into 1.55. 5 in a upside ladder is 
7 ] an output tenninal in an input terminal among drawing. Moreover, in a lower ladder type circuit, 6 is [ 8 ] an output 
terminal in an input terminal. The grand tenninal 3 is carrying out the up SAW filter and the lower SAW filter in common, 
and symmetrical arrangement of the two circuits is carried out to this grand terminal 3 here. 

[0015] If it impresses among terminal 5-6 which show a balanced input signal by "IN" among drawing according to the 
above-mentioned circuit arrangement, the balanced-output signal which passed the VCF will be outputted among terminal 7-8 
shown by "OUT" among drawing. Since the impressed input signal has floated from the grand terminal here, the phase 
contrast between terminals 5 and 6 is 180 degrees. For this reason, since the configuration of an up SAW filter and a lower 
SAW filter is completely the same, the phase contrast at the time of an input is saved, the phase contrast with the terminals 7 
and 8 of an output side becomes 180 degrees, and a perfect balanced output is obtained. 

[0016] Moreover, the amplitude characteristic and the phase characteristic between [ 7-3 ] terminals and between [ 8-3 ] 
terminals are shown in drawing 5 (a) - (d). The property that terminals 7 and 8 of amplitude characteristic are completely the 
same appears so that more clearly than drawing. As this was mentioned above, the component of a ladder type SAW filter is 
because it is completely the same with an up VCF and a lower VCF. Moreover, 180 degrees also of phase characteristics are 
also completely inverted within a passband. This is because the phase contrast at the time of an input is too saved completely 
with an up VCF and a lower VCF since it is completely the same. 

[0017] Moreover, in order to carry out 2 circuit arrangement of the ladder type SAW filter of the structure of this invention in 
parallel, 2 ****s of power are carried out and the power-proof nature (life) of the whole SAW filter improves twice. 
[0018] Moreover, that there are the capacity factor and relation of series resonance child 4a which constitutes a ladder type 
circuit, and parallel resonance child 4b made clear the electrical property of the ladder type VCF of this invention. Drawing 7 
illustrates the relation between the capacity factor (Cp/Cs) of a resonator, and a standing-wave ratio (VSWR). The impedance 
matching conditions within the passband of a VCF changed with capacity factors of a resonator from this drawing, and that a 
capacity factor is less than 1.55 made it clear to fulfill the conditions of VSWR<2 which are a general match condition. 
Moreover, as shown in drawing 7 , it became clear that the insertion loss stabilized in the above-mentioned capacity-factor 
domain is obtained from the relation between a capacity factor and the maximum insertion loss in desired pass band width. 
[0019] In addition, although it considered the substrate material as the 42 degreeY cut LiTa03, this invention is good also as 
the 42 36 degrees - degreeY cut LiTa03 or 64 degreeY cut LiNb03, within limits which do not deviate from a summary, is 
changed suitably and can be carried out. 
[0020] 

[Example] Next, the example which produced concretely the ladder type SAW filter concerning this invention is explained. 
[0021] On 42 degreeY cut substrate of a lithium-tantalate single crystal, the detailed electrode pattern (standardization 
electrode thickness: 9. 6%) which makes aluminum a principal component was formed. The adhesion exposure machine which 
used Deep-UV light performed photo lithography in pattern production. 

[0022] First, the above-mentioned substrate material was washed, applying a ultrasonic wave by the acetone, IP A, etc., and a 
part for organic was removed. Next, it is about 1 micrometer by the spin coater about a photoresist on a substrate after clean 
oven fully performs substrate xeransis. The thickness rotation application was carried out. 

[0023] The photo mask made quartz glass the 5 inches size of appearances by the thickness of 0.09 inches made into the 
principal component. The electron-beam-evaporation machine was used for electrode ****, and the material of aluminum or 
aluminum-Cu (2%) was ****ed by vacuum evaporationo to it. This electrode thickness was taken as about 4200**. 
[0024] Next, the lift off of the unnecessary aluminum pattern was carried out by applying a ultrasonic wave to a substrate in 
resist sublation liquid. In addition, in order to carry out the lift off of the materials, such as aluminum, by the lift off, condition 
**** for making the cross-section configuration of a resist into a back taper is needed (or the device of a two-layer resist etc. 
is required), 

[0025] Then, the protective coat process was performed. Si was adopted as a protective coat material. Patterning was carried 
out by the lift off by carrying out the vacuum evaporationo of the Si with an electron-beam-evaporation machine, and this 
making a resist a back taper. In addition, Si thickness can prevent the short-circuit by the metal powder by 250**. Next, the 
dicing of the substrate was carried out along with the scribe line, and it divided for every chip. 
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[0026] And each chip is applied and taken up by the die bonder and the mold cavity in SMD package was pasted by the die 
bond resin which makes Si resin a principal component. It heated after this and was made to dry and harden. SMD package 
considered as 3mm angle laminated structure, and the chip size could be 1.6x1.0mm. 

[0027] Next, 30microphiAu After carrying out ball bonding of the wire on the pad section of SMD package, and aluminum 
pad on a chip, the package lid was put on the package, and with the seam sealer, sealing was carried out and it was completed. 
In addition, it dissociates respectively, and wires and the gland on a chip is Au. Bonding was carried out to the grand pad on a 
package in wire bonding. In addition, this electrode is dedicated in the same package, in order to wire on the same chip. 
[0028] Although the logarithm of IDT was [ 40-120 pairs and the transposition width of face of SAW resonator which 
constitutes a ladder type SAW filter ] 10-301ambda, and the wavelength of a surface acoustic wave was in parallel with the 
serial and being changed, it considered as 4.4 micrometers of outlines. Moreover, the number of reflector books was made 
into 20 by the 20 and parallel resonance child side by the series resonance child side. 

[0029] Moreover, the VCF of a configuration was also produced conventionally which is shown in drawing 1 for the 
comparison. 

[0030] It is important to completely make the same the electrode design of a ladder type VCF made parallel two circuit 
arrangement in this invention here. Thereby, an output wave amplitude is the same and the response from which only 180 
degrees only of phases are different was obtained. 

[003 1] In property measurement, the frequency characteristic result shown in drawing 3 (this invention) and drawing 4 (the 
conventional configuration) was obtained using the network analyzer. Within the passband, the property and the not much big 
difference were not conventionally, seen for change of the frequency characteristic so that more clearly than these drawings. 
[0032] 

[Effect of the invention] Without changing a property, if it produces by the electrode configuration of this invention, as 
explained above, the ladder type SAW filter which could correspond to the balanced I/O type (balanced type), and was 
excellent in power-proof nature can be offered, the balun element which was the need conventionally further can be cut down, 
and Small, lightweight, and low-cost-ization of a portable telephone can plan. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim] 

[Claim 1] Surface-acoustic-wave equipment accomplished so that the parallel resonance child connected to the parallel 
crossarm of each ladder type circuit might be connected to a gland and the output difference of the two aforementioned ladder 
type circuits might be taken out, while two ladder type circuits which connected two or more surface- acoustic -wave resonators 
to the serial parallel are ****ed on a piezo-electric substrate. 

[Claim 2] Surface-acoustic-wave equipment given in the claim 1 characterized by ****ing the series resonance child 
connected to the in-series crossarm of the aforementioned ladder type circuit, and the parallel resonance child connected to 
the parallel crossarm so that the following formula may be satisfied. 

Cp/Cs < 1.55 (however, total of Cp:parallel resonance child's capacity, total of Csiseries resonance child's capacity) 
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